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1
$A$ $N\mathrm{x}N$ , $b$ $N$
$Ax=b$ (1)
, BiCG , GMRES , GPBiCG Krylov
. , Conjugate Gradient (CG) ,
.
$A^{T}Ax=A^{T}b$ (2)













. $A,$ $PA$ (1), (3) $\mathrm{C}\mathrm{G},$ BiCG, BiCGSTAB,
QMR, CGS, GMRES, LSQR , $PA$
[2].
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, $N\cross N$ $A$ , $2N$
$(A A^{T})(\begin{array}{l}xo\end{array})=(\begin{array}{l}ob\end{array})$ (5)
, $\mathrm{C}\mathrm{G}$ . , $x_{(1}=\mathit{0}$
, .
, $2N$
$(A A^{T})(\begin{array}{l}xy\end{array})=(\begin{array}{l}b’b\end{array})$ , (6)
$(A^{T} A)(\begin{array}{l}yx\end{array})=(\begin{array}{l}bb\end{array})$ (7)
. $b’$ $y$ , $2N$
. $\mathrm{C}\mathrm{G}$ ,
$\mathrm{C}\mathrm{G}$ . , ,
[3].
, (6), (7) $\mathrm{A}\mathrm{y}\mathrm{a}\mathrm{c}\mathrm{h}\mathrm{o}\iota \mathrm{l}\mathrm{r}[4],$ $\mathrm{S}\mathrm{a}\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{e},\mathrm{r}\mathrm{s}[,5],[6]$
, $\lambda,\overline{\delta}$ . (6) $\lambda x+A^{T}x’=$ b’
$\lambdaarrow 0$ . ,
. , $b’,$ $\mathrm{c}$
.
$(\begin{array}{ll}\lambda I A^{T}A o\end{array})(\begin{array}{l}xx\end{array})=(\begin{array}{l}b’b\end{array})$ : (8)







(6) CG 1 . $x,$ $b’,$ $r’,p’$
. $\alpha_{k},$ $\beta_{k}$
, -h . 2 BiCG [8]
, $\alpha_{k}\dot,\beta$k , BiCG ,
BiCG . .
BiCG , $2N$
$||r||+||r’||$ . , $||r||$ $N$
. $||r||+||r’||$ , $x$
$||r||$ . $b’$ , $y$ ,
$b’=A^{T}y$ , $y$ . ,
$N$ , $N$
, .






[ $(\mathrm{P}\iota.,$ $p.)+$ $\prime k$ ,A$T$p$k.)$ ]
$\{=.\frac{||\kappa \mathrm{I}1^{2}+||r_{k}’||^{2}}{2(p.,4pk)},\cdot.\}$
$.+$ l $=x_{k}+\alpha_{k}p_{k}’\{; y_{k+1}=y_{k}+\alpha_{k}.p_{k}\}$
$r.+1=r_{h:}-\alpha:A_{\mathrm{P}_{k}}’$ : $’\lambda^{\wedge}+1=$ $’,$ $-\alpha$kA$T$pk
$1\rfloor$
$\beta$ . $=[(r_{k}1,\underline{r}.+1)+rk$. $1F’ k+1$ )
$[(r_{k},r_{k}.)+( ., ’ \cdot)]$
$p+1=rk+1$ $+\beta$kpk; $p_{k+1}’.=r_{k+1}’+$ ’k $p_{k}’$
1: $\mathrm{C}\mathrm{G}$
$x_{0}$ , $\tilde{x}_{0}$




2: $A$ BiCG \Delta
2.2




. , LU $($LDU$)^{-1},$ $($LD$U)^{-T}$ ,
$A$ . $y’=(LDU)^{T}y$ .






$A$ (Control Volume )
[10]. $(v/5)$ 2 , ,
LU BiCG . , 5 $\mathrm{x}5\cross 10$
$N=250$ .
(6), (7) $b’$ , $b_{7}Pb,$ $(1j0, \ldots, 0)^{T},$ $(1,1, \ldots, 1)^{T}$ ,
, $\Gamma|$ |b|| . $\backslash$ , $y$ $b’=A^{T}y$ .
, 1 $b’=$ $(0, 0, \ldots : 0)^{T}$ , $y_{0}=(0,0, . . . , 0)^{T}$ ,
$p’ 0=r’0=b’-A^{T}y_{0}$ $p_{0}’=\mathit{0}$ $\alpha 0$ . 2 BiCG
$\tilde{x}_{0}=\tilde{b}=\mathit{0}$ , $\overline{p}_{0}=\overline{r}_{\mathrm{U}}$ .
$Ax=b$ BiCG (7) $b’$ $\mathrm{C}\mathrm{G}$
1 . $10^{-10}$ , $\mathit{0}$
. $[0, 1]$ .
10
$- \mathrm{d}_{\mathrm{t}\mathrm{t}^{\mathrm{k}}}(hV\mathrm{A})+\iota r\frac{9\{l}{3\mathrm{Z}}$ $=f$
















, $\mathrm{C}\mathrm{G}$ , BiCG
$\mathrm{C}\mathrm{G}$ .
, 8 BiCG 3 , 16 BiCG
2 .
$b’=\mathit{0}$ (5) , $y_{0}$ .
$. \frac{\text{ }\underline{9}\cdot(5)1_{(-}^{-}7\backslash 9\text{ }7\mathrm{I}\text{ }y_{0}\text{ }-\Gamma\tau \mathrm{f}\mathrm{f}\mathrm{l}(\text{ ^{}\prime}B\fbox \text{ })}{-0(\mathrm{X}\backslash \mathrm{f}\mathrm{f}\mathrm{f}\backslash )\overline{1}8-----}$





500 500 441 360 312 300 330 376
(6) (7) 3 . , $b’=b$, $y_{0}=\mathit{0}$ .
$\underline{\text{ }3.\cdot \text{ }\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{f}\mathrm{i}.\not\equiv_{\backslash }(6),(7)\mathit{0}\supset[\mathrm{R}\text{ }(\text{ }\acute{\{}\Xi\fbox \text{ })}--$
0( ) 124 8 16 32 64
(6) 47 277 –249 210182 170 188 -214







4: $x0$ ( )
0( ) 1 24816 32 64
BiCG 46 $\overline{5}2$ 4754– 71 $8\overline{911}6$ 140
$(1,0, \ldots, 0)^{T}$ 259 331 295 246 204 202 242 260






(2) BiCG ( $M$ ) $\mathrm{C}\mathrm{G}$
(3) BiCG
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